Although the detection of a characteristic autoantibody can prove immune thrombocytopenia (ITP), this diagnosis is often based on the exclusion of other causes of thrombocytopenia. Direct glycoprotein (GP)-specific tests have the property required to demonstrate such a characteristic autoantibody. In contrast, platelet-associated immunoglobulin G or antibody detection in plasma or serum is an insufficient diagnostic test. Moreover, data for commercial capture assays are sparse and their use is currently not recommended. A significant drawback of direct GP-specific tests is their low sensitivity, and a negative test result has no relevance. It is therefore also useful to establish a diagnosis of (primarily) hyperdestructive thrombocytopenia. A full blood count together with the immature platelet fraction has an excellent positive predictive value for ITP. Plasma glycocalicin has no apparent diagnostic value in identifying ITP patients, and conflicting data for TPO preclude its use for diagnostic purposes.
Introduction
Immune thrombocytopenia (ITP) is an autoimmune disease mediated by antiplatelet autoantibodies which are responsible for decreased platelet survival and, to some extent, suppressed platelet production. The diagnosis of ITP is often based on the exclusion of other causes of thrombocytopenia. [1] [2] [3] It can be made in patients with platelet counts <100 G/L who lack findings that suggest another diagnosis in their history, physical examination, full blood count and smear (►Table 1). Although many guidelines consider further laboratory testing unnecessary, identifying alternative causes of thrombocytopenia can be difficult and requires comprehensive expertise in platelet disorders. In addition, some treatment options for ITP come with a high cost burden and require long-term treatment, others are less expensive but associated with significant side-effects. Hence, consistent and reliable laboratory criteria would help to overcome both incorrect diagnoses and inadequate pharmacotherapy. Laboratory investigations with a potential of confirming the diagnosis of ITP rather than only excluding other diagnoses have been developed (►Table 1); these will be discussed in this review in two sections: tests aiming to detect platelet autoantibodies, and tests aiming to discriminate between accelerated destruction and decreased production of platelets.
Detection of Platelet Autoantibodies

General Considerations
Demonstrating the presence of a target-specific antibody, together with typical clinical features, is the mainstay in diagnosing a large variety of autoimmune disorders. 4 It is difficult to pinpoint what exactly led to the disregard of this approach in ITP. One relevant factor might have been early guidelines which, based on expert opinion rather than on scientific evidence, proposed to not use antibody detection methods. 5 Incomplete knowledge of diagnostic methods appears to be another relevant reason why these tests are disregarded. As an example, the International Experts Guideline states that 'glycoprotein-specific antibody testing … [is] not routinely recommended because platelet-associated IgG is elevated in immune and non-immune thrombocytopenia'; 2 two different test methods are mixed up, of which one (platelet-associated immunoglobulin G [PAIgG]) is extremely non-specific, whereas the other (glycoprotein [GP]-specific antibody testing) is highly specific. The differences between these two types of tests and their utility in diagnosing ITP are discussed in the following section.
Platelet-Associated Immunoglobulin G
Since platelet destruction is mainly driven by IgG antibodies directed toward platelet surface antigens, the first type of assays looked at the amount of IgG present on a platelet. 6 Various methodologies were reported, including, direct platelet immunofluorescence test (PIFT) and competitive enzyme-linked immunoassay (CELIA). 7, 8 It soon became clear that increased IgGs can be detected on platelets both from patients with ITP non-immune mediated thrombocytopenic conditions. 9 The increased absorption of IgG (and other plasma proteins) appears to be in equilibrium with plasma, with the IgG amount per platelet increasing as the overall number of platelets decreases. 10 With a documented specificity between 19 and 77% (►Table 2), it is now generally accepted that PAIgG is an inappropriate test for the diagnosis of ITP.
However, the direct PIFT shows some correlation with direct GP-specific tests 11 suggesting the presence of 'true' GP-specific IgG between all the other immunoglobulins on a platelet surface (►Fig. 1A). Based on these and other observations, some authors suggested an initial screen by direct PIFT before a GP-specific assay is being performed. The rate of false-negative direct PIFT results (i.e. where a GP-specific antibody was detected by a GP-specific test despite a Abbreviations: ANA, antinuclear antibodies; GP, glycoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; ITP, immune thrombocytopenia; TSH, thyroid-stimulating hormone. Note: The 'þ' sign indicates a recommended test and 'À' a non-recommended test. The '?' symbol indicates that the diagnostic relevance of TPO levels, when performed in addition to immature platelet fraction/reticulated platelets, is currently unclear, as is the use of platelet-specific complement activation assays. 
Direct Glycoprotein-Specific Assays for Platelet Autoantibody Detection
A break-through in identifying platelet autoantibodies as a distinct entity was the development of the monoclonal antibody immobilization test for platelet antigens (MAIPA) assay and its somewhat comparable counterpart, the immunobead assay. [15] [16] [17] These assays can measure autoantibodies in complex with their cognate GP as direct assays. Complexes of autoantibodies together with their target GPs are taken out of the patient's platelet membranes and immobilized to a carrier in a GP-specific way (►Fig. 1B). One of the most relevant prospective studies with a GP-specific assay came from Brighton et al 18 who used the direct MAIPA in 94 ITP patients, and noted a sensitivity of 49% and a specificity of 78%. A drawback of this study was the inclusion of patients with lymphoproliferative disorders as a control (non-ITP) group, who may have developed secondary ITP, and thus, may have increased the rate of false positives. Excluding this group of patients, Warner and colleagues 15 used the direct MAIPA and an antigen capture assay in 81 patients and reported 66% sensitivity and a much higher specificity of 92%. High specificity and intermediate sensitivity are the quality characteristics of GP-specific tests in many studies. Ten studies applied direct GP-specific test methods in patients and thrombocytopenic controls (►Table 3); nine of them included 613 ITP patients and 460 controls, and test sensitivity ranged from 39 to 96% (weighted average: 63%), and test specificity was between 72 and 100% (weighted average: 98%). These cumulative numbers are interesting because they are close to the data presented in the largest single study which came from McMillan and colleagues. 19 In this prospective analysis of 282 ITP patients, test sensitivity was 55.4% and test specificity was 84.4% for the whole group.
The specificity rose to 93.1% when clinical factors consistent with ITP were considered. 19 Current evidence underlines that direct GP-specific assays have a definite place in the diagnostic work-up of ITP patients, since a positive test result is a very strong diagnostic indicator for the presence of ITP.
Additional Information from Direct Glycoprotein-Specific Tests
A positive test result in a GP-specific assay is a reliable predictor for the presence of ITP, but can these tests provide additional information of clinical relevance? Only few data on the potential relevance of antibody levels are available. A non-significant trend toward higher direct MAIPA positivity was noted in patients with lower platelet counts, 18 but no such correlation between the degree of assay positivity and the platelet count was detected in a much larger prospective trial. 19 Apparently, a correlation between the antibody level and ITP disease activity has not been demonstrated so far. Some prospective studies have indicated that antibody levels could be higher early in disease, 19, 20 but do not yet allow to conclude that an early GPspecific test early would result in better sensitivity.
The potential relevance of antibody specificities has been investigated in more detail. Generally speaking, when patients with platelet autoantibodies of anti-GP IIb/IIIa and anti-GP Ib/ IX specificity are compared, patients with anti-GP Ib/IX appear to have a less favourable outcome following intravenous immunoglobulin therapy or treatment with steroids, with a relative risk for treatment failure of 2.2 to 7.4 (►Table 4). If these results were confirmed, GP-specific tests would not only help to establish the diagnosis of ITP, but also assist in tailoring the therapy for ITP patients. Why Do Glycoprotein Specific Tests Lack Sensitivity?
GP-specific tests are highly specific for ITP and may even have the potential to specifically predict treatment outcome, but are of low sensitivity, missing roughly half of all patients with ITP (►Table 2). One group of factors for this failure may lie outside the test itself. First, test-negative ITP patients may have a predominant mechanism of platelet destruction which does not involve platelet autoantibodies. Second, pre-test treatment regimens may have strong effects on the antibody levels, lowering them below the test's limit of detection. 21 Third, too few platelets for testing are a relevant pre-analytical problem; in Brighton's landmark trial, 18 a relevant number of patients had to be excluded because the platelet counts were too low for testing. Another group of factors are those related to the construction of the assays itself. The selection of target antigens (other than GP IIb/IIIa and GP Ib/IX), the monoclonal antibody clone and the type of the secondary antibody seem to have only minor influence on the test performance, if any. Usually, target antigens which become immobilized are restricted to GP IIb/IIIa and GP Ib/IX. However, if other antigens are tested, such as GP Ia/IIa, the sensitivity does not increase significantly, although some conflicting data were reported. 22, 23 In theory, relevant additional target antigens may have been overlooked, but this is speculative. Since the platelet autoantibody and the monoclonal antibody that immobilizes the GP to a carrier bind to the same antigen (►Fig. 1B), steric hindrance has been brought forward as an issue, but is considered to be unlikely by experts in the field. 19 Finally, most assays identify IgG antibodies only. This seems to be another minor issue since platelet autoantibodies of classes other than IgG are very rarely detected. In an enzyme-linked immunosorbent assay (ELISA) system, one IgM only was detected in 76 positive platelet eluates. 24 In a modified MAIPA test using platelet eluates, 25 1/21 (4.7%) was not of the IgG type. In a more recent direct flow assay, 2/23 platelets from ITP patients carried IgA þ IgM and no IgG. 26 It should be noted that none of the studies has confirmed that antibody specificities other than IgG are capable of eliminating platelets.
A more relevant shortcoming of current test systems appears to be the inevitable washing, because low-avidity antibodies seem to become washed off easily and thus escape detection, 27 indicating that assays with less wash steps could be advantageous. Further work needs to be invested in the field.
B Cell Assays
A different way to look at GP-specific antibodies which largely avoids washing is the demonstration of specific B cells in an enzyme-linked immunospot (ELISPOT) assay. Circulating B cells secreting anti-GP IIb/IIIa antibodies in the peripheral blood of ITP patients are memory B cells and reflect the autoantibody response in the spleen. Several studies analysing these B cells were conducted [28] [29] [30] [31] and reported sensitivities between 84 and 90%, and specificities around 90%. The most recent study revealed a sensitivity of 69% and a specificity of 91%. 28 Apparently, ELISPOT has a higher sensitivity than the classical GP-specific tests, but its specificity is slightly lower. This may be related to the fact that setting the optimal cut-off was delicate in the studies, because B cells from healthy controls often produced signals: in one study, 32 42% of the controls versus 84% of the ITP group had anti-GP IIb/IIIa signals in the ELISPOT assay, explaining a loss of specificity.
Indirect Glycoprotein-Specific Assays
The use of assays which detect free GP-specific autoantibodies in patient plasma or serum should be generally disapproved, since free platelet autoantibodies are only detectable in a small minority of patients who carry autoantibodies bound to their platelets. Such an approach has a very low sensitivity and is always inferior to a direct GPspecific test. 33, 34 However, in some ITP patients with very low platelet counts, a direct test cannot be performed, and a positive indirect test may be considered helpful.
Commercially Available Assays for Autoantibodies
The author is not aware of studies which have directly compared GP-specific in-house tests with commercially available test systems. Commercial tests are usually based on the use of eluates which are prepared from the patient's platelets and are then brought together with isolated GPs immobilized on a carrier. A major concern is the strong dependency of autoantibodies on intact GP complexes: 35 isolation of GPs may easily destroy epitopes or create new ones, which would interfere with the test characteristics. A specificity of only 58% was reported for the PakAutoAssay, 23 which is very low compared with other studies (►Table 3) and might indicate test-related problems. However, comparative testing was not performed, and the cohort included pediatric samples. Another recent study comparing commercially available ELISA or solid-phase assays concluded that in cases of suspected ITP, a direct MAIPA should be preferred. 34 Other Laboratory Tests
General Considerations
The discrimination between accelerated destruction and decreased production of platelets is the central idea behind most other tests that were assessed over the past decades. With the technical progress of haematology analysers, immature platelets are now being used more widely, and they can be considered as a significant progress in the diagnostic work-up of ITP patients.
Reticulated Platelets/Immature Platelet Fraction
Kienast and Schmitz 36 were the first to report the use of thiazole orange (TO), a fluorescent nucleic acid dye originally synthesized for reticulocyte analysis, with platelets. They reported a high percentage of fluorescently labelled platelets in patients with increased platelet destruction (13-57%), whereas the proportion of stained platelets in patients with thrombocytopenia due to impaired platelet production did not differ from healthy controls (3-16%). This sensitive and specific test can rapidly provide information on the thrombopoietic activity in patients with low platelet counts. Somewhat comparable results came later from a more complex study including reticulated platelets using TO staining, 37 which together with absence of anaemia and leukopenia gave a sensitivity of 83% and a specificity of 88%. The limited availability of flow cytometers in diagnostic laboratories may have hampered its broader use. Now, for some years, the immature platelet fraction (IPF) has been made available on routine haematology analysers, and a recent analysis indicates that, at a 7% IPF decision value, sensitivity was 85% and specificity was 70% for ITP. 38 This study included 62 ITP patients and 169 controls, where the mean IPF% was 16.39% (AE11.15) in ITP patients and 7.69% (AE6.09) in controls. Since IPF is inexpensive and available from routine instrumentation in many laboratories, it should be considered one of the relevant initial investigations in any patient with thrombocytopenia.
Thrombopoietin
Thrombopoietin (TPO) is the major regulator of platelet production. The rate of megakaryopoiesis and the amount of circulating platelets correlate inversely with TPO levels. Patients with mainly consumptive thrombocytopenic disorders including ITP have normal or only mildly elevated TPO levels, whereas patients with other causes have high TPO levels. 39 Several commercial assays with significantly different characteristics are available. In a thoroughly performed study by Makar et al, 40 the reference range was 7 to 99 pg/mL, and at a decision level greater than 110 pg/mL, consumptive thrombocytopenia could be differentiated from hypoproliferative types with a specificity of 85% and a sensitivity of 90%. The same group has later postulated that by the use of TPO levels, a diagnosis of typical ITP can be validated. 41 Apparently, the TPO level is a promising parameter. Measuring the TPO level is inexpensive, but not available from routine laboratories. A multicentre trial in which several parameters were studied in ITP patients indicated that measuring TPO within a set of tests increases sensitivity, but lowers specificity of the diagnostic algorithm. 32 In another trial, adding TPO levels to reticulated platelets as a diagnostic marker decreased sensitivity but increased specificity. 42 Additional data are required before a clear statement on the clinical utility of this test can be made.
Platelet Glycocalicin
Platelet glycocalicin (GC) is the extramembranous part of platelet GP Ibalpha that can be rapidly cleaved from the surface; it has been proposed as a marker reflecting platelet turnover. 43 It has been extensively studied for several disorders. The so-called GC index (GC normalized for a platelet count) was able to discriminate patients with active ITP from other thrombocytopenic patients; 44 in a follow-up study, 45 establishing a normal range for the GC index of 0.8 AE 0.16 in 60 healthy controls and a cut-off of 1.12 resulted in a specificity of 96% and a sensitivity of 98% for ITP. However, the number of non-immune thrombocytopenic patients was very low in this study. In a subsequent study, Kurata and colleagues 42 investigated GC levels in 65 ITP patients, 20 patients with aplastic anaemia, and 22 patients with chemotherapy-induced low platelet counts. The authors reported a sensitivity of 87%, but a specificity of only 40% for the GC index. This was mainly attributed to the unexpectedly high GC levels in chemotherapy patients with low platelet counts; tumour cell lysis with the release of elastases may have elevated the GC level. Others have previously reported that GC levels in individual patients were found to be too widely spread to be used as a diagnostic marker. 39 Therefore, plasma GC levels and the GC index may have little diagnostic value for distinguishing ITP from other thrombocytopenias.
Bone Marrow Examination
A bone marrow examination (BME) is not diagnostic for ITP. However, it is still frequently performed, and the recently reported discrepancy between the percentage of blood films that were not done (25%) and the number of unnecessary BMEs that were performed without need (50%) seems to indicate that this investigation is still considered diagnostic by a relevant number of physicians. 46 Less than 25% of all BMEs reveal typical features of ITP. 47 BMEs were considered to be unreliable and frequently non-diagnostic; accordingly, they should only be performed as a successive test of exclusion, and only atypical results in the initial assessment of the patient (especially, abnormal haematology tests, a large spleen or the presence of lymph nodes) should trigger a bone marrow aspiration. Age above 65 years has been suggested as an independent trigger. 3 No data have been published from trials in which IPF, TPO levels and BME data were collected, but it is intriguing to speculate that other indicators of bone marrow function will further reduce the number of bone marrows in clinical practice.
Combined Laboratory Test Results
Most of the above-mentioned studies have used test results as single decision criteria to diagnose ITP. Kurata and coworkers 42 have nicely demonstrated that the combined use of reticulated platelets and TPO levels is very helpful to discriminate destructive from hypoplastic thrombocytopenia. An even more sophisticated tool was proposed by Kuwana et al, 37 which included six parameters: absence of anaemia, absence of leukopenia, increased frequency of anti-GP IIb/ IIIa producing B cells, presence of anti-IIb/IIIa in a GP-specific test, elevated percentage of reticulated platelets and normal or slightly increased TPO levels. This combination of ITPassociated laboratory findings was rated positive if three or more criteria were fulfilled. In a monocentre study, this approach gave a sensitivity of 96% and a specificity of 94% for diagnosing ITP. In a subsequent multicentre study, 32 the same tool gave 98% sensitivity and 79% specificity, with the decrease in specificity being mainly explained by several patients what had a myelodysplastic syndrome (MDS)/ITP overlap syndrome. These studies indicate that developing diagnostic criteria for ITP is feasible and valuable.
Conclusion
ITP is not a diagnosis of exclusion. As with other autoimmune diseases, detection of a characteristic autoantibody proves the diagnosis of ITP. As outlined in this review, only the direct GP-specific test (direct MAIPA or direct immunobead assay) has the properties that are required to demonstrate such a characteristic autoantibody. There is no scientific evidence to support methods which measure PAIgG (not even as a screening test) and there is no evidence to support any indirect (plasma-or serum-based) antibody detection method. Only sparse data are available for commercial capture assays and their use is currently not endorsed outside scientific studies. Demonstrating the presence of platelet autoantibodies should be performed as part of the initial assessment, since a positive test result establishes a sound basis for further diagnostic procedures and treatment.
A significant drawback of direct GP-specific tests is their low sensitivity, and a negative test result has no relevance. It is therefore useful to establish a diagnosis of (primarily) hyperdestructive thrombocytopenia early in the patient's Hämostaseologie Vol. 39 No. 3/2019 assessment. A full blood count together with the IPF (or percentage of reticulated platelets) has an excellent positive predictive value for ITP and should always be performed in patients presenting with unexplained low platelet counts. Plasma GC has no apparent diagnostic value in identifying ITP patients, and conflicting data for TPO preclude its use for diagnostic purposes. In future, more prospective trials incorporating potential diagnostic markers are required, and serologists are in demand for developing antibody detection systems with increased sensitivity.
